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Fig. 1C
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Fig. 2A

C4HD celis Merged

ErbB-2 Stat3 ErbB-2/Stat3 DAPI

Nontreated

MPA, 30 min

AGB25 +
MPA, 30 min

RU486 +
MPA, 30 min

T47D cells Merged

ErbB-2 Stat3 ErbB-2/Stat3  DAPI

Nontreated

MPA, 30 min

AG825 +
MPA, 30 min

RU486 +
MPA, 30 min



U.S. Patent Aug. 30, 2016 Sheet 6 of 17 US 9,427,458 B2
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1
METHODS FOR INHIBITING CANCER
CELL PROLIFERATION

STATEMENT OF PRIORITY

This application claims the benefit, under 35 U.S.C.
§119(e), of U.S. Provisional Application Ser. No. 61/366,
801, filed Jul. 22, 2010, the entire contents of which are
incorporated by reference herein.

FIELD OF THE INVENTION

The present invention concerns methods of treating can-
cer and methods of inhibiting cancer cell proliferation,
particularly methods of treating breast cancer.

BACKGROUND OF THE INVENTION

Progesterone receptor (PR) and the ErbB family of recep-
tor tyrosine kinases are major factors in breast cancer. In its
classical mechanism of action, PR acts as a ligand-induced
transcription factor. Upon progestin binding, PR translocates
to the nucleus and binds to specific progesterone response
elements (PREs) in the promoter of target genes (27). In
addition to its direct transcriptional effects, PR activates
signal transduction pathways in breast cancer cells through
a rapid or nongenomic mechanism (5,19).

On the other hand, the ErbBs family of membrane recep-
tor tyrosine kinases is composed of four members: epider-
mal growth factor receptor (EGFR/ErbB-1), ErbB-2, ErbB-
3, and ErbB-4. ErbBs ligands include all isoforms of
heregulins (HRG), which bind to ErbB-3 and ErbB-4 and
recognize EGF-R and ErbB-2 as co-receptors, and the
epidermal growth factor (EGF) which binds to EGF-R (28).
Upon ligand binding, ErbBs dimerize and their intrinsic
tyrosine kinase activity is stimulated, which leads to the
activation of signal transduction pathways that mediate
ErbBs proliferative effects. Although ErbB-2 is an orphan
receptor, it participates in an extensive network of ligand-
induced formation of ErbBs dimers. ErbB-2 has been shown
to migrate to the nuclear compartment where it binds DNA
at specific sequences, HER-2 associated sequences (HAS)
(30). Through this function as a transcription factor, ErbB-2
modulates the expression of the cyclooxigenase-2 (COX-2)
gene (30). Association of ErbB-2 with the COX-2 promoter
was detected in breast cancer cell lines overexpressing
ErbB-2, as well as in ErbB-2-positive human primary breast
tumors (30). Overexpression of ErbB-2 is associated with
increased metastatic potential, poor prognosis, and thera-
peutic resistance in mammary tumors.

The present invention addresses previous shortcomings in
the art by providing methods of treating cancer and methods
of inhibiting cancer cell proliferation, particularly methods
of treating breast cancer.

SUMMARY OF THE INVENTION

A first aspect of the invention is a method of treating
cancer in a subject, comprising delivering to a subject in
need of such treatment a mutant of ErbB-2 in an amount
effective to inhibit cancer cell proliferation, wherein the
mutant cannot translocate to a nucleus of a cell in which it
is present and functions as a dominant-negative inhibitor of
endogenous ErbB-2.

A second aspect of the invention is the use of a mutant of
ErbB-2 for carrying out a method of the present invention.
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A further aspect of the invention is the use of a mutant of
ErbB-2 for the preparation of a medicament for carrying out
a method of the present invention.

The foregoing and other aspects of the present invention
will now be described in more detail with respect to other
embodiments described herein. It should be appreciated that
the invention can be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 MPA effects on ErbB-2 and Stat3 activation and
cellular localization

(A) MPA induces rapid ErbB-2 phosphorylation via the
classical PR. Cells were treated with MPA or pretreated with
RU486 and transfected with PR or control siRNAs before
MPA stimulation. Western blots (WB) were performed with
phospho(p) ErbB-2 antibodies and filters were reprobed with
a total ErbB-2 antibody. The WB in the lower panel of
C4HD cells shows the effects of siRNAs on PR expression.
(B) c-Src mediates MPA induced ErbB-2 activation. Cells
were treated with MPA or preincubated with PP2 before
MPA treatment. WB were performed with phosphoprotein
antibodies and membranes were reprobed with total protein
antibodies. (C) MPA induces ErbB-2 nuclear migration. Top:
Cells were treated with MPA for the time-points shown and
nuclear and cytosolic protein extracts were analyzed by WB.
The pTyrl272/1222 ErbB-2 blot was reprobed with the
ErbB-2 carboxy-terminal region antibody (C) and the
pTyr927/877 blot with the antibody to ErbB-2 amino (N)
terminus. Total cell lysates were blotted in parallel. Histone
H3 and p tubulin were used to control cellular fractionation
efficiency. Bottom: WB blot showing that inhibition of
ErbB-2 phosphorylation with AG825 blocks ErbB-2 nuclear
migration. (D) MPA induces Stat3 activation via ErbB-2.
Cells were treated with MPA or pretreated with AG825.
C4HD cells were also transfected with ErbB-2 siRNAs
targeting mouse ErbB-2 and with control siRNAs. WB were
performed with phospho antibodies and filters were rep-
robed with the respective total protein antibody. (E) MPA
stimulates Stat3 nuclear translocation. Nuclear and cytosolic
protein extracts were analyzed by WB with pStat3 antibody.
Blots were reprobed with total Stat3 antibody. Experiments
shown in A to E were repeated five times with similar results.

FIG. 2. MPA induces Stat3 and ErbB-2 nuclear colocal-
ization and physical association

(A) Cells were treated with MPA or pretreated with
AG825 and RU486 before MPA stimulation. ErbB-2 (light
gray) and Stat3 (light gray) were localized by immunofluo-
rescence and confocal microscopy (see Materials and Meth-
ods for antibodies specifications). Merged images in the
third panels of the second rows show MPA-induced ErB-2
and Stat3 nuclear colocalization, evidenced by the yellow
foci. The boxed areas are shown in detail in the right inset.
Nuclei were stained with DAPI (light gray). (B) Nuclear
extracts from C4HD cells treated and untreated with MPA
for 30 min were immunoprecipitated (IP) with ErbB-2 or
Stat3 antibodies and analyzed by WB with the indicated
phosphotyrosine antibodies. Membranes were reprobed with
total protein antibodies. As control of the specificity of these
proteins interaction, lysates were immunoprecipitated with
rabbit immunoglobulin (IgG). Total cell lysates were blotted
in parallel. Experiments in A and B were repeated three
times with similar results.
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FIG. 3. Nuclear import of Stat3 mediated by MPA occurs
independently of ErbB-2 nuclear localization

(A) ErbB-2ANLS mutant induces Stat3 phosphorylation
in response to MPA. Cells were transfected with siRNAs
targeting mouse ErbB-2 or with control siRNAs and cotrans-
fected with hErbB-2WT or hErbB-2ANLS plasmids when
indicated, and then treated with MPA for 10 min. Cell lysates
were analyzed by WB with pTyr ErbB-2 and Stat3 antibod-
ies and then membranes were reprobed with the respective
total protein antibody. (B) Cellular localization of Stat3 in
ErbB-2siRNA-C4HD-hErbB-2ANLS  cells treated with
MPA. Green fluorescent protein (GFP) from the ErbB-
2ANLS vector was visualized by direct fluorescence imag-
ing (light gray). Nuclei were stained with DAPI (light gray).
(C) Effect of hErbB-2ANLS on endogenous ErbB-2 nuclear
migration. C4HD cells retaining endogenous ErbB-2 expres-
sion were transfected with the hErbB-2ANLS mutant and
treated with MPA. Green fluorescent protein from hErbB-
2ANLS expression vector was visualized as in B (light gray),
and mouse ErbB-2 (light gray) was localized using an
antibody that specifically recognizes the mouse protein.
Solid arrows: cells transfected with hErbB-2ANLS, dashed
arrows: wild-type C4HD cells that did not uptake the
hErbB-2ANLS mutant. See Materials and Methods for
specifications of antibodies used in B and C. Experiments in
A to C are representative of three independent ones.

FIG. 4. ErbB-2 acts as a Stat3 coactivator in MPA-
induced cyclin D1 promoter activation

MPA induces cyclin D1 protein via ErbB-2 and Stat3. (A)
Cyclin D1 expression was analyzed by WB. (B) Cells were
preincubated with the indicated pharmacological inhibitors
or transfected with Stat3, ErbB-2, and PR siRNAs and were
then treated with MPA for 48 h. Cyclin D1 levels were
studied by WB. Lower panel, control of inhibition of Stat3
expression by siRNAs. Experiments in A and B were
repeated three times with similar results. (C) MPA induces
cyclin D1 promoter activation via Stat3. Cells were trans-
fected with a 1,745-bp length human cyclin D1 promoter
luciferase construct containing the GAS sites indicated in
the upper diagram. C4HD cells were also transfected with
constructs truncated at positions -963, -262 and -141, as
shown in the diagram. When indicated, cells were cotrans-
fected with the Stat3Y705-F expression vector. After trans-
fection, cells were treated with MPA for 24 h. Results are
presented as n fold induction of luciferase activity with
respect to control cells untreated with MPA. The data shown
represent the mean of six independent experiments for each
cell typexSEM. Forb vs. a, and ¢ vs. b: P<0.001. (D) ErbB-2
acts as a Stat3 coactivator. Top: C4HD cells were transfected
with the 1,745 cyclin D1 promoter construct as described in
C and were also cotransfected with hErbB-2WT or hErbB-
2ANLS vectors when indicated and treated with MPA as in
C. The relative light units of luciferase obtained in the
transient transfection assays were normalized by the arbi-
trary densitometric values of phosho Tyr705/total Stat3
obtained in the WB shown in the bottom panel, and data are
presented as n fold induction of cyclin D1 promoter activity
relative to cells untreated with MPA. Data shown represent
the mean of three independent experiments+SEM. For b vs.
a, ¢ vs. b, d vs. b: P<0.001. Bottom: Cells were transfected
with hErbB-2WT or hErbB-2ANLS and were then treated
with MPA for 10 min. Stat3 phosphorylation was studied by
WB as described in FIG. 1D.

FIG. 5. MPA induces in vivo binding of Stat3 and ErbB-2
to the cyclin D1 promoter

(A) Recruitment of Stat3 and ErbB-2 to the cyclin D1
promoter was analyzed by ChIP in cells treated with MPA
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for 30 min. Immunoprecipitated DNA was amplified by
qPCR using primers (horizontal gray arrows) flanking the
GAS sites (vertical gray arrows) indicated in top panels. The
arbitrary qPCR number obtained for each sample was nor-
malized to the input, setting the value of the untreated
sample as 1. Data are expressed as fold chromatin enrich-
ment over untreated cells. For b vs. a, and d vs. ¢: P<0.001.
(B) Sequential ChIP. Chromatins from cells treated as
described in A were first immunoprecipitated with a Stat3
antibody, and then were re-immunoprecipitated using an
ErbB-2 antibody. qPCR and data analysis were performed as
detailed in A. For b vs. a: P<0.001. Results in A and B are
mean+SEM from three independent experiments. IgG was
used as a negative control. (C) C4HD cells were treated with
MPA for 48 h or transfected with increasing amounts of
hErbB-2ANLS expression vectors before MPA stimulation.
Cyclin D1 protein levels were analyzed by WB.

FIG. 6. Nuclear Stat3/ErbB-2 complex regulates in vitro
breast cancer proliferation

(A) Endogenous ErbB-2 expression was silenced by
transfection with ErbB-2 siRNAs and expressions of either
hErbB-2WT or hErbB-2ANLS were restored by cotransfec-
tion with the respective plasmids. Cells were treated with
MPA 48 h and incorporation of [3H|thymidine was used as
a measure of DNA synthesis. Data are presented as
meanszstandard deviations (P<0.001 for b versus a). (B)
C4HD cells were transfected with control siRNA (top) and
cotransfected with hErbB-2ANLS (bottom) before MPA
stimulation for 48 h and were then stained with PI and
analyzed for cell cycle distribution by flow cytometry. The
experiments shown in A and B are representative of a total
of three.

FIG. 7. In vivo blockage of ErbB-2 nuclear localization

(A and B) Cells (106) from each experimental group were
inoculated subcutaneously (s.c.) in mice treated with MPA
and tumor volume was calculated as described in Materials
and Methods. Bottom: Decrease in tumor mass in mice
injected with C4HDhErbB-2ANLS cells as compared to
mice injected with C4HD cells. Each point represents the
mean volume+SEM of 6 independent tumors for all experi-
mental groups except for ErbB-2-siRNA-C4HD and ErbB-
2-siRNA-C4HD-hErbB-2ANLS groups which contained 4
tumors. (C) Content of hErbB-2ANLS. GFP expression
levels were determined by flow cytometry. Shown is a
representative sample of each tumor type. (D) Tumor lysates
were analyzed by WB with the indicated phosphoprotein
antibodies and membranes were reprobed with the respec-
tive total protein antibody. Shown are two representative
samples of mice injected with C4HD (1 and 2) and with
C4HD-hErbB-2ANLS cells (3 and 4). Lane 5, C4HD cells
nontreated with MPA used as control of protein phosphory-
lation state. (E) ChIP analysis in tumor samples. The DNA-
protein complexes were pulled down with the Stat3 and
ErbB-2 antibodies or with control 1gG and the resulting
DNA was amplified by qPCR using primers indicated in
FIG. 5. Results are expressed as fold over IgG control and
represent the average of three replicates+tSEM. Shown is a
representative sample of each tumor type.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention will now be described more fully
hereinafter. This invention may, however, be embodied in
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments



US 9,427,458 B2

5

are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art.

The terminology used in the description of the invention
herein is for the purpose of describing particular embodi-
ments only and is not intended to be limiting of the inven-
tion. As used in the description of the invention and the
appended claims, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the present
application and relevant art and should not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein. The terminology used in the description of
the invention herein is for the purpose of describing par-
ticular embodiments only and is not intended to be limiting
of the invention. All publications, patent applications, pat-
ents and other references mentioned herein are incorporated
by reference in their entirety.

Also as used herein, “and/or” refers to and encompasses
any and all possible combinations of one or more of the
associated listed items, as well as the lack of combinations
when interpreted in the alternative (“or”).

Unless the context indicates otherwise, it is specifically
intended that the various features of the invention described
herein can be used in any combination. Moreover, the
present invention also contemplates that in some embodi-
ments of the invention, any feature or combination of
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features set forth herein can be excluded or omitted. To
illustrate, if the specification states that a complex comprises
components A, B and C, it is specifically intended that any
of A, B or C, or a combination thereof, can be omitted and
disclaimed.

As used herein, the transitional phrase “consisting essen-
tially of” (and grammatical variants) is to be interpreted as
encompassing the recited materials or steps “and those that
do not materially affect the basic and novel characteristic(s)”
of the claimed invention. See, In re Herz, 537 F.2d 549,
551-52, 190 U.S.P.Q. 461, 463 (CCPA 1976) (emphasis in
the original); see also MPEP §2111.03. Thus, the term
“consisting essentially of” as used herein should not be
interpreted as equivalent to “comprising.”

The term “about,” as used herein when referring to a
measurable value such as an amount or concentration (e.g.,
the amount of overexpression of ErbB-2) and the like, is
meant to encompass variations of 20%, 10%, 5%, 1%, 0.5%,
or even 0.1% of the specified amount.

1. Definitions

“ErbB-2" as used herein refers to the tyrosine kinase
receptor ErbB-2 that belongs to the epidermal growth factor
receptor family. ErbB-2 can be natural or synthetic (e.g.,
derived from PCR and/or recombinant DNA techniques).
ErbB-2 can be from a mammal, such as a human. As
recognized by a skilled artisan, nucleic acid sequences
and/or amino acid sequences useful to the present invention
can be obtained through publicly available databases, such
as the National Center for Biotechnology Information
(NCBI) database or commercially available databases, such
as from Celera Genomics, Inc. (Rockville, Md.). Sequence
information for ErbB-2 can be found at NCBI Gene ID:
2064. An exemplary wild-type FErbB-2 nucleic acid
sequence is NCBI GenBank Accession No. NG_007503.1
(SEQ ID NO:1) (Table 1).

TABLE 1

Exemplary wild-type ErbB-2 nucleic acid sequence,

GenBank Accession No.

NG 007503.1 (SEQ ID NO: 1)

lagttccegga tttttgtggg cgectgecce

6lcgaggcgata
l2ltttccatgat
18ltcctaaacgt
24lagacaccatc
30ltacttttgce
36lttttttttet
42laaaccctgcece
481lcttcagaggy
54lcttectttttt
60lgcggggtaga
66ltggtaggcgc
721lcataagaact
78lgagagaagta
841ltcctceteect
90lgaagccttgt

g96lttttecttttt

gggttaaggg

cttttttgag

acctgtaact

atgtgtegec

tcttcecaace

taaaattatt

tgatttggee

ctatgtcect

cttectagteg

acctttgetyg

taactgegtt

tgacaaatcc

atatttctag

gctecacctee

agctaaggat

CgtCCtgggg

gecectegte ccectgetgt gtccatatat

aaggcggacyg cctgatgggt taatgagcaa actgaagtgt

gtagggctgt ttactgtcac cacccctgte ggattttact

atccacttet ctecatctet tetggeacca ccctggttaa

aagacagccg cagtagcette ttaatggete tcectgecte

tgcgctecat tttgaaaaat taaaatttge ccatatcact

tactggctce caattacctt gggtaaaata cagtcteccac

cctgtecact ggteteccte acteeettge tccagacceg

caagcttect gactgectgg cctggtetga atcactcact

caattgaagt accacctcce gagggtgatt gettecccat

tcctgttcac cactctacct ccagcacaga atttggetta

tgtttgttct tctgtttaat gaatgaacag catacatcaa

agggctgtaa aatcatcagt atggttctge actgagateg

gaaaattagg aaccctggga acaggacgct tgctttagta

cctgecactee catcagcacce gacccacace caatctcata

caccctttet ccteccccac tetectcace ccttgtecaac

gttggaatga gtaagaagta gcctgggatt ccattcactce
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TABLE 1-continued

Exemplary wild-type ErbB-2 nucleic acid sequence,
(SEQ ID NO: 1

NG 007503.1

GenBank Accession No.

l02lacttaacaaa
l08laggaggcacc
ll4ltgccttttet
l120lagttgaccac
12é61ctccaggagce
1321ltttacaatac
1381tgagtctttt
l44ltcctgacaaa
1501ctcacgcctg
156lagtttgagac
1621gttgggtgtg
1l68lcgcttgaacce
1741ctgggcaaca
1801gaaggcctca
186laagatttata
1921tattgctaca
1981ltctttcacct
204lagactcaagt
210ltatgccctge
21éltggtctccaa
2221ltacgggcgtg
228lttagaactaa
234latgcctacat
240lcttctgttct
246latttcecctge
2521ltcccaacttt
258ltcctaacttyg
264lttcaactcag
270laagacaaagc
276latcccagcac
2821lgcctgaccta
288lagagcaaaac
294laagctgacca
300latcaaatgtt
306lactgtacttt
3121ltgaagccagg
318lggatcatgag
3241ltaaaaataca

330lgaagctgagg

catttctgag tccttagete tageaccttg

attcacattg

gtgaatggca

ccaactgata

tgaccggaaa

tgtttteetet

tatgaggatc

atagggagtc

taatcccage

cagcctgace

gtggtgcatg

cagggaggca

agagcgaaac

tcctatatta

aataactata

tttatataca

agactgaagt

gatcctteca

taattttttt

ttcectggget

agccatgeca

caatggaaat

acctgatgga

gttgacttet

cagcacagcc

ctagcctgga

tatttggett

gettattgag

atatgttaat

tttgggaggg

acatggagaa

tccgtttcaa

tgttcttaga

tattaagttt

tcatggtcag

tgcggtggcet

atcaggagat

aaaaaattag

caggagaatt

cattttetgt

aattcttcca

ctgactgaga

tccagtgeta

tctttttteca

ctcatataaa

tcecectttag

actttgggag

aacatggaga

cctgtaatec

gaggttgtgg

tcaaaaaaaa

tgtcaaacat

catatatata

tttagttaaa

gcagtggcat

tctecagecte

aattttttgt

cgagtgatec

cacggccata

ttgttegggt

aaaagcaatc

tggaagatgg

ccagataaca

gccectagtt

cagatgtgat

tcctectgty

agtagagtgt

cgaggcaggt

actcctgaga

aaaaaaaaaa

tcaaaattgg

accatgtgea

aggagggaaa

cacatctgta

cgagaccatc

ctgggcatgg

gcttgaacca

gaatggtgcet

gttaaatata

agctgaaatg

atactacttt

tttcatttty

gatggacatt

aaaattccta

gecgaggegy

aaccccatcet

cagctactca

tgagccaaga

aaaaaaaaag

actgaaatgc

attcaatcta

aaaaattttt

gatcacgact

ctgagtaget

agagacacgg

tccegectea

aaatattaat

ctaaagtatt

ctaggttaat

ggtactgtct

atctctagat

cteceectgag

ccacagtetyg

tatcagecat

gctggacagg

ggatcatctyg

tcegtgecatt

aaaagtatag

tagagagtct

agtctetggg

caggccataa

atcccageac

ctagccaaca

tggcacgtge

gggagttgga

ctaagcaagg

ctggggagca

acatgaatag

aacaaaacaa

gcatcttaca

tcetttetgt

taggattaaa

agtaaggctg

acggatcacc

ctactaaaaa

ggaggctgag

ttgcgecatce

aaaaagaaaa

agtaacgccc

attgctgtta

tttcccagac

cactgcaacc

gggactgcag

tcttgetatg

acctcccaaa

tttegeaget

tcagaggtec

ggtggaagtg

ctctgggaca

ggcgattace

cctecttage

aaaagtcact

tgtactcatg

cacagtgget

aggtcaggag

gcacteccage

tgtgctaaag

acaatgtggg

aacagagtga

acaagtgtca

tgtgggaggce

tggtgaaacc

ctgtaatccc

ggttgcagtg

caaaatctcc

gcattcacat

tgtccectgg

ccecttagec

gattagttct

gactctggga

gaggatgaaa

ggggtggtgg

tgaggttagg

tacaaaatta

gcaggagaat

gcactccage

ttccaatttt

cacattaaat

atagttgaca

agccteteac

tcaacctcecce

catgcgecac

ttgcctagac

gtgctgggat

ttcttatatt

ttgaaaaccc

ggagtagaga

gctettgaga

tggectetet

ttgtccttet

aattcattcc

ggggaaaaaa

catgcetgta

ttcgagacca

ctgggcaaca

gctcaacgge

ttccttatte

tgaacaaggc

aacaaaagac

caaggcaggc

ccatctctac

agctacteceg

agcctggatt
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TABLE 1-continued

Exemplary wild-type ErbB-2 nucleic acid sequence,
(SEQ ID NO: 1

NG 007503.1

GenBank Accession No.

336latgccactgce
342latatatatat
348latttcactcc
3541taagtacagt
360lacaactaaat
366lgaaggctgaa
3721lccttcatgat
378latacatatac
3841lgagtagctgg
390lgagacagggc
396lctgtctcagce
4021ltttttgataa
408latgtacacct
4141tgcgcgtagt
420lggaaatagtt
426lggaacacttt
4321gcaatggcgc
438lcctcagecte
444latttttagta
450laggtgatccg
4561lctggccagga
4621ltcagttaaaa
468lggaggccgag
474lacggtgaaaa
480lgtaatcccag
4861lttgcagtgag
4921ctcaaaacaa
498latcgagttaa
5041ltactcacatt
510lcctttetett
5léltgatgatcca
522lagtagcattt
528lacatacaaaa
534lactattagtt
5401tggtgtgatc
546laatacaaaaa
5521gaggcaggag
5581ttgcattcca

564lataataataa

actccagect

atatatacac

taggtatacc

tatttgtggt

gtccatcaat

cagaaattaa

agatatagat

atatacatat

gattacaggt

ttcaccatgt

ctcccaaagt

gtatcaagtg

atacacttat

attatggttg

cttgectety

ttceeeeeet

gatcttaget

ctgagtaget

aagatggggt

tcecgecteag

acgcttttta

acaaagaaaa

gccggcecggcea

ctcatctcta

ctggttggga

ccaagactgt

aaacaaaaac

atacagttga

tcttccacct

cceectecte

cttccactta

tcttttectet

tgtgtgtaaa

ttteetgtet

atggctcact

ttagccagge

aattgcttga

gectggacaa

taataataat

ggtgacagag

acacacacac

tacataagcet

agcattagtc

agggaatgaa

taggaatggg

atagatatag

atatatatat

gtgtgcecace

tggtaagget

gctgggatta

cacagtgcag

atacagtacc

ttatttttga

gtgggaagtg

ttttaaacgg

cactgcaacc

gggattatag

ttctccatgt

ccteccaaag

tttttgtacc

getgagtgtg

gatcacctga

caaaaacata

ggctgaggtyg

accactgcac

acaaagaaaa

ceccttgaaca

ctgecaccec

agcctactca

atgaatggta

agcttecttt

tggactgttt

tgtgacaagg

gcagccaaaa

atggtggtgc

acccgggagyg

cagagcgaga

aataataggg

cgagactcca tctacattaa aaaaaaaaat

acacacacac

ccagtatacc

attgttttca

ttatattaat

gcagatttgt

atatagatat

atatatatat

acatcegget

gtcttgaact

taggcatgag

aacaaaatat

ccatgtgaag

gaatatatct

ggactatgtyg

agtttttget

tctgectece

gcatgegect

tggtcagget

tgctaggatt

tttaaaagtg

gtggctcatg

ggtcaggagt

aaaattagcc

ggagacttge

tccagectgyg

aatgtaaaac

acacaggttt

caaaatagca

atgtgaagat

aatatgtttt

attgtaaaaa

gctattgata

tcteectetyg

acttetggge

gcttetgtaa

cagaggttgce

ctcecateteg

ctgggtgtgg

acataccctce

taaacaagtg

atagcaagaa

dgagggagag

aatgtactag

agatatatat

ctettgtgte

aatttttgta

ccecgacctea

ccatcacacc

gtgtgtgtgt

aaaaataagg

agaaagataa

cctgatcaat

cttgttacecc

aggttcaagce

ccacgectgg

ggtcttgaac

acaggcgtga

tgtaccgtet

cctgtaatec

tcaagaccgg

aggcatgatg

ttgaacctag

gcaacagagce

aatttcatge

gaattgcacg

agaccaaccc

gatgaggatg

ttcttactta

tacagtatat

agtattectgg

tcegeccagec

taaagcaatc

tcccagetac

agtgagetga

aaaataaaat

tggcteatge

taacccagga
caaatttgtt
gaaaaaggaa
ccatacaatg
catggtaaaa
acatatacat
tcagectece
ttttttagta
ggtgatccac
tggccaaata
atgcatgtgt
gtacgtgtta
aaaagaaagt
agggaagtaa
aggttggagt
gattctgetyg
ctaattttgt
tccecaccte
gccacegtge
gtgtatataa
cagcecttaa
cctgaccaaa
gcaagtgect
gaggcagaga
aagtctectgt
agtagcaagc
ggtccattta
catctctttt
aaaacctttyg
tgattttectt
aacacatatc
taaacagtag
tggaatgaag
ctctactaaa
tcaggagget
gattgcaccyg

aataataata

ctgtaatccc

10
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TABLE 1-continued

Exemplary wild-type ErbB-2 nucleic acid sequence,
NG 007503.1

(SEQ ID NO:

1)

GenBank Accession No.

570lagcactttgg
576laaataggccg
5821gcagatcacc
588lctatcaaaaa
594lagctactcgg
600lagccgacatce
606laaaaaaaaaa
6l2latatatatat
6l8lacacacatat
6241ctgctgttgce
630latcaaagtct
6361lggaggtagaa
6421ggatttgaag
648lagaaacgaat
6541laggttccteg
6601lccccagtggt
666lagtggatcag
6721laatccaggag
6781ltcactgtccce
6841ctatttcagg
690laaagagtcac
6961lcagagactca
7021ttgtggacat
708lagagcagcct
7141tgggtaagag
7201ctggagacta
7261lgctcatcaag
7321ctcctttgge
7381lttcctacagt
7441tcagtttgtg
7501tttcagtcct
756latgcatacac
7621gtctcecctgtyg
7681lctggttgcag
7741gcctettcag
7801cgcatctgece
7861lcactccectet
7921gagggtcccce

7981gccctgctgg

gaggccaagg tggacagatc acctgaggtce aggagtctca

ggcacagtgg
tgaggtcagg
tacaaaaatt
aaggctgagg
atgccactge
aaaaaaaaaa
gtgtgtatat
atatgtgtat
tgcggggaga
ggtgctttag
taagcataaa
ggcaaaggaa
tgtccectga
tctectette
ctatacctce
tggaatgaag
aaggatggcet
tataccaaat
tggcaaagca
agataaaacg
gaccctggca
gcacaaaagt
ggggagagat
gggeccaggg
gggctaatce
ggccaccect
ccaaagggac
cacttcceca
gectggacat
ctgaccccaa
acacacacac
ccceccagte
ccccagectyg
tgtcagtggt
ctgatctgag
ccccagecce

ctcgetgtet

agggacagtt

ctecatgecca

agtttgagac

agctggatgt

caggagaatc

gctecagect

aaaaaaaaat

atatatatat

atataaaata

attgcagggt

cccaaaggag

tgtatcaaaa

gagaagaatc

aatcaagact

cttggaccaa

agcagcaagt

cgggcaggaa

cagtggggct

ccgaaaatat

aagctatatt

ggggcaccag

gccatgectyg

gaggtgagte

aaaagctact

tcagagtgtce

tgggctcagg

aggaaggacc

acctcaagec

gcaacctgty

cggactgtgg

gCtggCtggt

acacacacac

tccatggetyg

ttgacttaga

cactccactyg

tttgetgece

ctagectagac

ttgtecectea

aaggaggaaa

taatcccage

cageetggec

ggtggtgcat

actcgaatcc

gggtgacagt

atatatatat

acacatatat

aaataaataa

gtcaaaagta

aaatgataga

agaggagttg

aaccaggtgg

ttgtgattge

aagtcagagg

cgagtgagea

gacttagtge

ttcaagggac

tgtgacaagg

caagaccaca

tagaatggec

cgcaggeagt

gcaggacaga

cectggggect

tggcaagett

gagtggecte

aattttccta

tactctgagg

ccteagecte

accagacgac

gaagtaggta

acacacacac

gtcaatgatt

ggtcacccte

cccacagget

tctgtecege

ccctetecacce

gacatcctet

tcgaatcage

actttgggag

aacacggaga

gctataatce

gggacacgga

gagactctgt

atatatatat

atgtgtatat

taataaaaca

gcactggtgg

gactcagact

atagatctta

gttcagtgaa

catagttgta

caagaatgcc

agtgatgtecc

tcctgaaaca

aagtatgggg

aaccattctg

tgcaaagcta

aggacaaacg

gatgagagtg

agagtgettt

gggcctgeat

ggctetgece

cccatggtta

tcagaagett

aactctttcce

aaggcactgt

tccteeegat

gagggaggag

acacacacac

gactggcatt

ggaagctaga

ggggtcettgg

agtcagecec

agcaccectt

ttcectggget

agcgeecace

attaaaaaat

gecgaggtgg

aacgctgect

cagtaatacc

ggttgcagtg

ctcagaaaaa

atatatatat

atatatacac

tttactttgg

aggggtagtg

agctggtgat

aagaatgatt

tgaaaccatc

tgctteteaa

ctcattcata

tgaaaggccc

aggaatccag

gttgaagggg

tccaactcett

ctecectgage

cagtgcageca

acatgtactg

ttgtttcage

tcctgagatg

ctttgetgte

ggatacaagt

ctaagttatc

aatgaactaa

ggggtaggce

ttetgtttgt

actttggtge

acacacacac

tcacaggeeyg

gcectgtect

gcaaaacaca

actctgttec

tcectteect

ctecetgecag

cectgecceee

12
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US 9,427,458 B2

TABLE 1-continued

Exemplary wild-type ErbB-2 nucleic acid sequence,
NG 007503.1

(SEQ ID NO:

1)

GenBank Accession No.

8041lttcectetect
8l0lgggctcattce
8léltgaccccagce
8221ctaccgccca
8281tgcagagagg
8341tttgtagagg
840lcccttgactg
846lagctcagctce
8521tcctettetyg
8581tgttctgagyg
864lcgtccacagt
8701ggggcctyggyg
8761lctgcctygcac
8821lcctggagcca
888laggttgacca
8941gcccaacttt
900lgatcctcacce
9061lgaagggctgc
9121ggaataagtt
918lactatatgaa
9241gagtttcget
9301tccgcttcecce
9361ggcatgcygcece
9421ttggtcaggc
9481gtgctgcaat
954lattecctttet
9601gctggagtgce
966lttctecectygece
972laatttttgta
9781lcctgaccteg
9841gccatactcg
9901tcaggcccca
9961lcaattattat
l1002lagcatagtat
l008lacttgcccaa
l10l4lacacggagtce
1020laagctctgcece
l026lacaggcacce

10321ccgtgttage

cttgtcagac

tttttcagag

tccteceeccecce

ccgggactgg

atgggtttge

gagggaccta

gggcetettga

tgtgaccttyg

caaaatgggyg

aacgtggcetyg

agctttectyg

gagaaaggac

actcatccag

ggtcagcegca

ggtCCtgggC

tctetetage

ctaaccctaa

tgtgttccat

aattttacat

tgtgctaggg

cttgttgece

aggttcaage

accatgceceg

tggtaccaaa

tacaggcatg

ctetettget

agtggcaaga

tcagectece

cttttagtag

tgatctgect

gccaactttyg

caaaacctag

gtgccaagta

gtcagatgcet

ggtgacatga

tcactectgte

tcccaggtte

gccaccacac

caggatggte

accagacgag

gcteggecee

atccccactce

gcattgtcetyg

ttgggcgggyg

cagttacctg

gggtaatggg

ggaaagttcc

aatgataaca

taggtcagag

actggactaa

acctctaacc

gtgcaagcce

tcectettece

tggatgatgg

cctaagacat

caccagctcea

acacagcaat

tatcactctg

ttgttttttt

aggctggagt

gattcacctyg

gctaattttg

ctecegacet

agccaccgea

ctetttettt

tctecagetea

gagtagctgg

agatggggtt

gtcttggect

tattactttce

atctgeeccca

ttgegetgag

gttttacaga

ctgatatgga

tceccaggetyg

acgccattet

ctggctaatt

tcgatctect

gttttttect

tctegagect

cagcececte

ccagteeggyg

gggtggagag

gacttcttte

tgaagccaaa

tttagetegt

cctgectect

tggcacagag

cctttecgga

ctgatcctaa

tccaaggtgt

gcagggctgt

ggtgagagta

cctgggeaaa

agagaaaata

atttctegaa

gatacctgta

gttttgtttt

acaatggegce

ccteagectt

tgtttttagt

caggtgatcc

cccageegtyg

ctttecaatgg

ctgcaaccte

gattacaggt

ttgtcatgtt

cccaaagtge

ttaaagagag

gtataactaa

tgcttecaga

tgagccaact

atagagtcaa

gagtgcagag

cctgecteag

ttttgtattt

gacctegtga

ctggettece

cctecccagy

tccagettge

tttettecty

tgaagggggg

ctectgtetec

tctgecatgg

ggaatctcaa

ctggagtett

tagggtccaa

cacaacagca

catccegatg

ggtgtgatga

aagctgecagyg

aggggtcagt

ttgcttacct

gggatattga

tgtttgtgac

caaaactcca

o o o o ol of o of o o4

gatcttgget

ccegagtage

agagacaggg

acctgecttyg

ctagggtett

agtcttactce

tgcectetga

gcectgecace

ggccaggctg

tgggattaca

tttcccaaat

atctgggacc

gcattatcte

gagaccagag

gattttrtetet

gcgcaatcete

cctectgagt

ttagcagaga

tctgectgec

agctctgaat

gegtgagtte

tccaccctet

ggatttggga

aagcaggatc

cctettggta

ctcagtteee

ggctcaaggt

ggggactcag

tgaagcatgg

gggcaggggt

gcctctaagy

accagtgact

actgagaggc

tttgatacat

cagttccect

tggccatcca

agcggtccaa

ccttatcectt

ttttgagaca

caccgcaacc

tgggattaca

tttctecatyg

gccteccaaa

tttctgttca

tgtcacccag

gttcaagcaa

acacctagtt

gtctcegaact

ggcatgagece

tatataagct

atttattgag

ctttaacccce

atgctcagte

o oo o o o o of o1 o |

agctcactge

agctgggact

cagggtttca

teggectece

14
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TABLE 1-continued

US 9,427,458 B2

Exemplary wild-type ErbB-2 nucleic acid sequence,
(SEQ ID NO: 1

NG 007503.1

GenBank Accession No.

1038laaagtgctgg
10441ggtcctcttg
10501cccacaagag
10561gtgtatacct
l0621tgtccttcat
l0é8lcattcttggce
10741cccagttaaa
10801ltgcaatatct
1l0861lccactaggcce
10921taagcaggct
10981tgcctectta
11041gctgggtgca
111l0lcacctgaggt
lll6laaaatacaaa
11221gctgaggcag
11281ccattgctcet
11341tttcgatgtg
l11l40lacttcaaaga
ll4é6lacatcccect
ll521tattaaaaca
1158laaaacctgag
1le4lgggggagggy
1170laacggctgca
11l76lagagagggayg
11821gggggcgagc
11881gggctgcttyg
11941cggagaaacc
12001gcgcecgegeyg
12061gtccagccgg
12121cecgctggggg
12181tggtgtgggg
12241cccgecggcecyg
12301gtcgagacgce
12361gcagcggcte
12421ggaacttgtce
12481gcgtagagcg
12541tttccagttg
12601ctgcecctygece

1266ltcctgettet

aattacaggt

gtcecagagg

gtgcctgett

gtaaagaggt

tctecagtee

tggggcattce

tttgaattte

tgttgaaatt

taaggaatag

aatagaaggc

aataagcaag

gttgctegtyg

tgggagttca

aaattagctyg

gagaatcact

ccagectggy

actgtctect

ttccagaaga

ccttgactat

aataggcttyg

acttaaaagg

gcagagtcac

ggcaacccag

aaagtgaagc

tgggagcgcg

aggaagtata

aggggagccc

cceggecece

agccatgggg

ctectectey

aggggacgga

gcggggecag

tcagggcage

gagatggcce

aaagaagttc

¢gegegegey

gcagccteeg

cctectecag

ggcggggteg

gtgagccacce

cecectgttte

taagtgtget

gtgggagatg

ctgataggtyg

caactagaac

agataaacaa

aaaaaaaaaa

ggtcagggge

aaggggcaaa

aagggtgcat

gttgtaattce

agaccagcect

gtcatggtgg

tgaaccaggg

caacaagagc

cccaaatttyg

tatgecceegyg

caattttact

ggatggagta

gtgttaagag

cagectetge

gegtecegge

tgggagttgc

cttgetecca

agaatgaagt

ceegggeage

acccctegea

ceggagecge

cectettgec

geageggegy

aggggceccgyg

nggCCCtgg

atccaagaga

tctgaaattg

tttcceccect

ccteeggact

cececteceey

ggtgtgtgtg

gcgactggece
tcaactcect
cagcacatgg
ggggggaggy
cctttgatec
tgccaaattt
tgaataattt
aaaaaagtct
tccaaataga
gaagaaacct
tttgaagaat
cagcactttg
caccaacgtyg
cacatgectg
aggcagaggt
aaaagttegt
tagaccctet
gggtcectgga
agaggatgtg
ggatgcaage
tggcagecta
atttagggat
getaggaggg
cactceccaga
atcacaggag
tgtgaagetg
cgegegecec
gcaccecgeg
agtgagcacc
cceceggagec
gaccctgece
acgagctcte
ggcectegygy
ctggegettt
ttcagaaagt
tcttgagece
ggectggget

ctcececttea

tgtgtggtgg

agattcaaga

aggatggcat

aagcaagttt

aagagagaaa

cttettgace

agcacataaa

gttagtataa

tccttecate

atgtggttga

tgaatgcatt

tgagatagaa

ggaggctgag

gagaaaccct

taatcccage

tgtggtgage

ttaaaaaaaa

taagatcatg

agccacaagg

gtgggaaaac

tccccaggaa

gggaatttat

tctecgagga

acgcacccag

cttgttggaa

aaggaggagyg

agattccecct

ttcccacggy

cceagegece

atggagctgg

gcgagcacce

tgtggatgec

ctatcecegaa

¢gggagygggy

ccaggeteeg

tttccegeaa

ccteaagett

ggatteccttyg

gacgattttyg

agtggagggt

tttgaaccca
agcaacctgt
agaaatgcaa
gagatgctgyg
agtatagetg
aataaggagg
atatgtccca
cccaccecta
gaagtggaat
gggtgctggg
gtetttttgg
gegggaggat
gtctttacta
tgctegggag
agagatdgcyg
aaaaaagtcc
cttttcagat
taaacacaac
cattatttga
agtttaagat
cceggactec
aaagtgtgag
gectgegega
tgcagttgga
tggaggagga
ccattgggac
gcectttact
tcccageegyg
cggecttgtyg
aaggtgggtc
cegecgaggt
gttgtggaca
cagttacacyg
aggggcteeg
agggtgtatt
tctcaaagec
ggggggtect
gtttggttge

ggcatagcaa

16
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US 9,427,458 B2

TABLE 1-continued

Exemplary wild-type ErbB-2 nucleic acid sequence,

NG 007503.1 (SEQ ID NO: 1)

GenBank Accession No.

12721cctgteccaa
12781ctgggttggg
12841tgtgctctgt
12901tgtaaagtgg
12961ggagggctgce
13021gggcagtgtg
1308latagcctggg
131l41tttaatccta
13201ccagaggttg
1326lccecccaacca
13321ctgctceccctg
13381gtggtctcca
13441cccgaggggc
13501gtgttccteca
1356lagtctctctg
13621ggtgctgggce
13681gctgaggaag
13741caagcatctt
13801tgagctgctg
13861gagctggatt
13921ctgcactatt
13981caaggcaaaa
1404lagtcccagcet
14101tgcagtgagce
l4l6lagaaaaaaag
14221ctggggcagg
l1l4281ttctgaaatc
14341tcttgcagaa
l440ltactatactt
1l4461ggatcaaatg
14521attttctegt
14581tttaagaaat
1l4641ctctgtgaca
1470lagcaacttat
14761gaggaggcat
14821gccttagggg
1l488lgacctttcca
14941tccctettga

15001gccctaccag

ccagagccgg ggaggaaagg
ggcgggggag acgtttgcett
gacttttgga gcgcgtggac
gagagttcce agagaaggaa
gttgttcetge tgecttttee
tatcctgace catctgtceca
ccaggtatac tctgccagga
gaacaccect atagtggaag
agtagcagct agtaagtggt
tgcattcgaa atcgctatat
agtcactggg ctgcagggga
taggtcagag ggtctgggga
cctetgtgag tgagtgcatg
gttgtgtggt ctttgtattt
ctgacttggg gacacaggct
cagatctgcee ataaacagag
aaggttccte tcttccaggyg
cacctetecat cttetgatga
cccttectea cecttgggety
tgagggctgg gttctetgga
gattgtgttyg tgcaggagtt
ctctgtacaa aaaatacaaa
actccggagg ctgaggcagyg
tgtgattgca aatgctctece
tataccacce agctgectee
aatgtggggg aaggggaggc
ctttecttaga ggtatgggtt
ctccttcata ttttaattcec
ggggaaagta ctcattttat
taaaaagaaa aaatacgtgg
ggtttgggat tacccatatt
gtacggtgta cttcctatat
gtcetgtgaa gtaggtgcac
ccaaggctee cagctaccca
taagaggtgg ttagagtctt
caggcaggtg gccagatggg
tccacttete taggctgtag

cttcagagte cteteectte

catgacaggg ggctgcgggc

gtggcccgga gggtggCCtC ttgctggggt

tgaacagatt

catggagggg

gctaagaaat

ttggtgetgt

cctgtgtgea

actgtttgtyg

ttctgecage

ggggtcaaga

ggatgagtgc

gacaaaatga

gggagtgggt

gcegtgttat

gtgtgtctgg

gaactctgte

ggaggtagcc

agtacatcct

gaagggtgag

ggagttgatc

tggggectec

agttaaaaag

aattagttgg

aggatcacct

agcctgggtg

agcacccaga

ctagggggag

ttacaaattg

agtatgattc

ttgtcaagaa

cattccaaag

cctgetgtat

gctaggtttt

agatgagaaa

gtaatgtcca

attccageca

aggagaagcg

aaagtggagc

ctgtecagec

aggaggggac

cttggggeca
tgggggtggg
aaggccagat
gegtggggaa
ttaatcataa
gtgttttgca
attctggact
tgggacccca
acctggagea
aagtgttctg
gtcatecgtygyg
ctctgeaggt
getttgtgtt
ctctgeagga
ttctatggec
tgcectecet
gccatactga
agggaatgge
tcatgtecte
tcattgecaca
atgtgattac
gagcccagga
acagtgtgag
ttttacccaa
cceccagaggyg
cagcaaatac
ttccaacagce
aaaaacaatt
tcaaacacaa
gaacctgtet
tatccatget
atggaagttc
gggaattttt
acaataatgg
ctectettgt
tgagctgggg
aatgcectgte

agaggccacyg

gcttagggac
tttettgggg
gggagcctag
gggtgagtgg
aagctaacat
tgcattctec
gagtagcagt
ggcagtgega
atgagggaca
ggagtcgtgg
ctgtgtgttg
ctacgccagg
gccaaacage
actcccttaa
acgecttett
gtttcccaga
gctgtcagge
agttgetgea
acccctcaac
gcectgggeaa
acgtgectgt
agttgagget
actcegttte
ggggtgaggt
gtcaggattt
atccttttaa
ctcctetett
gaaaagatag
agcatgttta
tgtcttaact
ttcatttaat
agagaaatga
ggactctgaa
gttgaacaaa
tcaggcgaat
gcectgaggt
ttcettttygg

ttgacacaca

18
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TABLE 1-continued

Exemplary wild-type ErbB-2 nucleic acid sequence,
NG 007503.1 (SEQ ID NO: 1)

GenBank Accession No.

15061gggctgtggg tgagagagac agctgaagtg tcagcgtgag gggccagtgt ggggctgegg

15121ctgggagggc tggggtgggg cccagggtag ttgtgectgt

15181tggaaagaga ttccttecect geecctcecace tgtgagaagce
15241atcttatgtt tggccaccca tcctceccecect gggaagagag
15301tgtactcttt caaggagtgg gagaattatt ctagcgaatg
15361tttacaaagc ctcgtcatgt ttacagatgg ctgcgcaatt
15421atgtacctece tctgagggag taagagctgt tacagccaag
15481ccaagttgca ggtactgcag ggcatagaga tgaatccgat
15541ctgggaactt gctcaagatc actcagtgag cagctgaget
15601ctgggcccag gecctggtet gatgtcagge ctgatacacce
15661tcccagtgte acttgaatgg gctgtgacat tatgggtctg
15721cacaggtcat tttactgtag tattcatgga aaccaaggga
15781gagcaagagg agcagctggg gctgcaagct ggtggggagg
15841lacctcaggac tggggtcaag tcctgaccac cagagtccag
15901ccagctctga gcagagagat ggattccatg acctcaactg
15961cgtgactgga cttcattcat ccactcattc attcattcac
16021gctcectgtyg getggtectg cctecatactg tetttgetet
1l6081tcctgagggg cagggtcctg gagacaagga cactcctggg
l6l4lcaggaaatca acggggacca ggtgccgtgg ctcacacctg
l6201gccgagacgg gcggatcaca aggtcagcag ttcaggacca
l626lcccgectcaa ctaaaaatac aaaaattagc caggtgtggt
l6321gctactgagg aggctgaggc aggagaattg cttgaacccg
16381lgccgagattyg cgccactgca ctceccagectyg gcgacagggce
l644lgaaaaccaat gggacagggc agatatgggg acaatggtaa
16501gaggtgtcag gaagaccttc ttgacttcat gtaggctggt
l6561ctccagttce ctgggaaccg ttctcagggt accaatttta
l6621ltaagattctt aatcagactc aaattggcca caaatcaggt
1l6681ltggggctacc acccgttetg accctceccage ccaacccagce
l674lagagcctgtg gtgtttatcg gtggcattgg gagaattagt
16801ggtgtggggt ggatttgtgt gtgtgcagtt aggcctagtg
l6861lggcaggccag cctgagttcecce agtcecctgect gttgctcaca
l692laacccctgece agectcagtt gtecttcectttyg caagatggag
l698lagcatgttat gcagatccac cgagagtgcc tgccaggcac
17041ttactgtggc ggcccccact ccccattgtt gttgttttece
17101tggtatccct tgaaaagggc tacagggggt ggagtcggac
1716laccctgggct tgggccaggg cctggggtcect gggectgcag
17221gctgaagggc tgaggccggg ggaggtectyg gcagcagggce

17281ccaccecccag ctectgttte tecttgggagt ctgttggggg

17341gggggtgcaa gtgggtgagg catggagtgg ggaggcctcece

ccttgggtga

ccctetagag

ccgaggtggg

tttgtgttgt

cattacctca

tttaggtcag

ttagcttctyg

agggttctca

aggtgtttgt

ggagagctga

agtattgget

agagaaccca

agagacatga

gtcccttttyg

tcagcagaca

ggagaattgg

tagaattagg

taatcccage

gcectggecaa

gtcaggcacc

dgaggcagag

gagactccat

ggagatggga

gggggtgtta

ccacctgtet

aaacaaactc

ccagccaccce

gtgtatttat

gaaggaatgt

agctttatga

gttgcagcce

acagtaggtg

tattgeetgg

cctgececag

acagctgtgt

gttattttgg

aggaagtgtg

ctcagggaca

tggaatgatc

tgacatctec

gtaagggatg

cccagttetyg

tttaactctce

taaatattca

ccctggaggt

actaaagacc

ggtcggggaa

gctttgggga

tttctgetgt

cctgagagaa

aggactgtga

ttcggagact

cttatctage

aggttggggt

acctaccccce

actttgggag

catggtgaaa

cgtaatccca

gttgcagtga

ctcaaaaaaa

gagtgggagg

gccagcaage

gcaaacactt

actagtgggg

tgcecteegt

gttggcegtgg

gggatctgaa

ggcgagagct

cagtctetgg

ctcageteag

cggecacagce

cectgtggag

ctataaagca

gceectggecty

dggaagagga

tggacccttyg
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US 9,427,458 B2

TABLE 1-continued

Exemplary wild-type ErbB-2 nucleic acid sequence,
(SEQ ID NO: 1

NG 007503.1

GenBank Accession No.

1740lagttctattt
17461tgggaataga
17521tggcccaggce
17581gggggtacct
17641gtgcctctgg
17701tgtgggaggc
1776lagggtgccct
17821tcaccagagc
17881ggtgtgagct
17941gaccttagtg
18001tggcagttca
1806lacgtagtgcce
18121ttgccctgag
1818laccctggcect
18241tttctcttca
18301gcctcagcectg
18361gtggatccct
18421ccgagtttgt
18481gcctctcttyg
18541ctttctttge
18601ggcagcctcet
l866lctacttccca
18721ggcggagggy
18781ttggatgggy
18841tctcctgcca
18901ccacctggac
l896lactcacctac
19021cccageccagg
1908laaggtgccct
19141taacatctaa
19201ggccgaggte
19261ccagcatgat
19321agaagaaagg
1938latgaatgtgg
19441ggagcagttg
19501gtggaaacca
19561tgtcaaattg
19621gaggccgagg

1968lagaaacccecyg

ctgttectee

ggccattetg

agggaacctyg

cgtattacce

tgtcagacce

ggagcagtga

ctgececcac

agaaaaacaa

gctacccegg

ggcatttetg

gecctatgece

tttgtggcag

gaggtggcca

gggatctgca

tgggggactc

caactccage

tgccaagagg

ttgcttggga

ggggattttt

cagccaacac

gaatgcacag

agcacgcaag

tccttecagte

tggccaggte

gtgtgcaccg

atgcteegee

ctgeccacca

cecectgectee

gecettetgt

cceccattea

atgtctggat

catgteccect

gctggtgaga

cctacaccce

tgaagctcag

acctgetgga

cagacgccgg

cggacagatce

tctectactga

ctectgttec

agtatcacta

ggggcttgcc

cctaggattt

caagccagec

ceggeaggaa

ccttecgate

gttcaactgyg

cgececteac

gtctcaggga

ccatggetga

cagtttegtyg

gggtgagggt

gectgggtee

ccagaggtet

tgaccctect

ttggecatgtyg

gaggggceagy

acceetttge

cctgtactgg

ggtgggccta

ctttetecty

aggcttetec

tgagaaggtc

gcacagacat

acctctacca

atgccagect

agctgggctg

ttectetett

ttttactgca

gggatgcgtc

gtccacctge

aaggtggatt

cttagettea

aagagaaatg

tegtgtecac

ccgggtgcga

acttgaggtc

aaatacaaaa

tcectettty

ggagaccace

ctaccagect

gaccttagge

cttgtgetgt

ttctgggeag

tcctgggeaa

gcactttaat

caggggtgct

taccaggetyg

tggctegege

gcacacattce

gccagegeag

agatgcccac

ctgcaatgac

tcececcactet

ggtgtgctgg

gggtatccag

cctgagttgt

cgggcgagct

gtcagaagaa

ctgttaaacc

ctgtetgagyg

ccecegecagt

gaagctgegg

gggctgccag

gteccttecty

agcectetgt

gttgtggttt

gaatcagttyg

tgtgtttceg

tccagecact

acaggcccac

ctgggtetea

tctgtgaaaa

agaccctgga

tggcteatge

gggagttcga

ttagccaggce

tccttatetyg cctagagagg

agtttgtgge cactggecac

ctcccageaa tctgaaggea

tccaacttge tgggagageca

ccctgaatet gecatgtagec

ctcaggecace tgtgggectg

gacacgccag gtgattcatce

ctceecteac tggcaggect

ttacctecte tagtatteet

gggtccaagt gggccaggtg

tgggcaggta tgcagggctg

tgccagetgyg ttetggagte

gaacctttgg cgcatgcette

aactggaatc tgacgctect

cagagcceceyg gttgteccat

ctgggtggca ttacgggggt

aatggcatag ggagaatgca

aagattcatyg attcgtcatc

gectttggga caaaggaage

cceccaggget ggcacgetgg

gectttecce tgaaatcect

tgcagtgtge aagggacatg

tggcatgact tggagtgagt

gtcctetgac ccatctgete

ctcectgeca gteccgagac

gtggtgcagyg gaaacctgga

caggtgagge ccgtgggeaa

ttacaggtgyg gtggcagaag

ctcaaccagyg aagtccttte

actcteteta taacgtgget

ctaaatcttyg tgctctettg

atccctetece cacttacage

ttctgecact gacgagcect

gtttccctat ctgtatattg

ggttatgaac aggagggaga

atggggccac atgettggtt

ctgtaatcce agcactttgg

gaccagcctyg accaacatgg

atggtggcac atgcctataa
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TABLE 1-continued

Exemplary wild-type ErbB-2 nucleic acid sequence,
NG 007503.1 (SEQ ID NO: 1)

GenBank Accession No.

19741tcccagctac ttgggaaggce tgaggcagga gaatcacttg
19801tggtgagcct agatcgtgcce attgtactcce agecctgggca
19861lcaaaaaaaaa aaatttgcag acgccatccc atccaggcect
1992lactgagatac agagagggca gggcacctgt tcggagttta
1998latctttcttyg atcatataag aatctggtga ggcaaggtag
20041ltttatcgttt tatttaagcyg ggaacaggac tgctcagtgg
2010lctccaagtac tggggaaccce cagggaggcce ctggggggtg
201élccactctget tcececectece aggatatcca ggaggtgcag
20221lcaaccaagtg aggcaggtcc cactgcagag gctgcggatt
2028ltgaggacaac tatgccctgg ccgtgctaga caatggagac
20341ltgtcacaggg gcctceccecag gaggcctgeg ggagctgcag
2040lccttcaccgt cattgaaacc ttctcecttggt tattcagagce
20461lcagggggagg ctttgtgtgc attagaaatg gtgtccattce
20521lccgggaagac gccctcagaa gattggaaaa agattcccect
20581lttgcgtcagce acatataatt caatcgtgag aatgcaggct
20641lctgagtgaag tgtacagtga acaacctatg taactatttg
20701lgccccagagt ctgggtgceca ggtgctttge cegcatggcece
2076lcctgtcagga aaaaatcagt gttattctca ttctacatat
2082latataagggc caaaagttac acagctagtg agtgatgggg
2088ltctcttaacc accaagcagc atgcccagag tagaggtgag
20941tccacatgag catctggacc tagcatggac aactcactcc
21001lcttgttgegg gtgtggtggt ggtgggactc aaagacggta
21061lctggggaatc tgggggttgt ttaaaaggcc tgctcctcett
2112laagggaagca gaaggtgaca gaaggggaaa gggtcctctg
2118lgatcttgaaa ggaggggtct tgatccagcg gaacccccag
21241tttgtggaag gacatcttcc acaagaacaa ccagctggcet
2130lccgetcetegg gecctgtaage catgccccte cetgetgect
2136lcccagcecgca aactcccaac ttacaaccca gtgectgece
21l421caccacccat tteccteecte tetgtecccte ctgecatcte
2148lgggttctectg tecttgtetece ctcectgecttat aggttgtgece
21541gcctgtetgg gteecteect tgctgtgcag ttggectegt
21l60lcctctetetg ttactaacce gtcectectege tgttagacat
2léé6lggttctgtce tcaggccacce cctgttctee gatgtgtaag
21721gagttctgag gattgtcaga gccgtgagtce tcagggaggce
21781lggctggggcce gggtggaatyg caggtgtcat acaggtgaca
21841lgcttgggatyg tcteccecetgg gecaggtagt ctecctagaa
21901lggtgcccagg gcgccactca gccctcatee tgccctttge
21961lctgtgcecggt ggctgtgece gctgcaaggg gccactgecce

22021gtgtgctgcc ggctgcacgg gccccaagca ctcetgactgce

aacctgggag
acaagagtga
ttgcttteac
tgaaatgccc
ggcgtgatcet
ctgggggect
gcagtgttee
ggctacgtge
gtgcgaggca
ccgetgaaca
cttegaagec
tgaccagggce
tgggcagacg
tcttectggy
gggtttttyge
ctggeectgyg
catttcagtc
gagaaaactyg
ctgagttteca
aaggaaggag
tccetggete
aagatagctt
ttagaaggca
atcattgetce
ctectgetace
ctcacactga
ctteteteag
gccactgece
cectgtgecte
tctggtttygg
ggcctetget
ctcteteact
ggcteeceget
ctggagtcag
tgggaggggt
ggtgatgetyg
ccaacagtga
actgactget

ctggtatgtyg

acggaggttg

aactcegtet

tgatgaagaa

cceccaccatt

ttatctctat

tgcccaagat

tatttcagec

tcatcgetea

cccagetett

ataccacccce

tcacaggtgg

cactgctaac

caggcagagce

aagttgtagce

cceccacttgg

agccgactet

acgctgeagt

aggcttgeag

gactccacag

agagctgegg

tegetttgtt

tctetectee

ggagggcccc

accccacaga

aggacacgat

tagacaccaa

acagcctgac

cagcegecta

ttecatctety

gggcctcetea

getgtttgtyg

gectgtetet

getggggaga

dgaaggggag

gggataacag

atgagggtcet

cgegeactgt

gccatgagea

cctetgettt
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TABLE 1-continued

US 9,427,458 B2

Exemplary wild-type ErbB-2 nucleic acid sequence,
NG 007503.1

(SEQ ID NO:

1)

GenBank Accession No.

2208lgtgcccaatg
2214ltattgccect
2220l1lggcctgecte
2226lctacaacaca
22321cagctgtgtg
22381ltggggaggtt
2244lagagctggtce
22501ltggcagtaag
2256lacccagctcet
22621lgtaaaatggg
2268laatatttgta
22741lttttattcta
2280ltagttagctce
2286lgtgctattct
22921ctcgctaaat
2298lcgaactccectg
23041lcgtgagccac
23101ltggagtgcag
231élcttgtgccte
23221tttttgtatt
2328ltgacctcaag
2334latcgtgectg
23401ltggactgggc
2346ltcagatcctg
23521caaatccteg
2358lctttggtcte
2364lgaggggtaaa
23701ltattcttett
2376latgtggctac
23821lcaccatcgte
2388ltgagaagtgc
2394lagttcctgte
2400laccctettgg
2406laagtgtccct
24121tgttgacctg
24181lcagtgtgcta
2424latatccagga
24301lgctttgatgg

2436lgaggatccag

tgctctacce cccaggatge aaggggtggyg

ggcacaccag

cacttcaacc

gacacgtttyg

actgeccetgte

tgtttctgta

atgacagttce

gagaggceage

atcaattagt

ggcaagaata

aagctcttag

tagcctggty

tatcgcagty

cgtgtceteag

tttgtatttt

acttcaggeg

tgcacccgga

tggtgcaatt

agactcttga

tttagtagag

tgatccacce

gectagetca

tcagacctygyg

getgactgtyg

ctcctecact

cctttttgea

tggatgtcag

gthCtgggC

atgttcctga

tgcccectyge

agcaagcect

cctetgegea

gacctagtcet

atatccectyg

tcceggtatyg

tggtctgggc

gtttgetgge

gtaagagtgg

atgtggcage

ggcaaaacag

acagtggcat

agtccatgec

cctgtgagtyg

aatgggagca

ctgeegaget

taagagccca

aggcacgtga

gtcccaactyg

aacggtgect

aggtcagttt

gcegegatcete

cctectgagt

tagtagagac

atccacctge

cttttttete

ttggetcact

gtaggtggaa

acggagtttce

geettgttet

gttttattta

ggaacctett

ttagggagag

cactagcaca

aaatgggaat

gtgctgatge

acggtaatgce

tctecttaga

acaaccaaga

gtgceccgagg

tgcageetgyg

ctgectteta

tcagtgtggg

aaggctgaga

atggagcact

tgcaagaaga

gcacgatgac

atctettggg

cacagtgaaa

ctgtgagetg

caatcecegag

ccagggagaa

tatggggagc

geettgttet

gacttgggag

ccctettget

cataagatgg

ggtatgtact

tacctttegt

ggctcactge

agctgggatt

agggtttcac

ctaggectet

tttggcagag

gcaacctety

ctacaggcat

actatgttgg

cccaaagtge

acagatcacc

tcctectcete

gacaaaatgt

atgaccttga

ctcacagtge

gtggtaggge

tgctecatggt

caactacctt

ggtgacagca

tacccactca

cccagecccac

ctctctaccce

gaggggceecey

cggecectte

tgcgagaggt

tcetttgggag

ctgagacagt

gatggcagga

caccctgect

gccagecace

cactgeecag

ggcceggtata

acacagtttt

actgtctgea

ttcaacaget

ccagactgec

gtgcctcagt

ttataacatt

aagtgctect

tttgtttttyg

aaccteegec

acaggcgecc

cacgttggec

gaaagtgctyg

tctegeteca

cctteegeat

gcaccaccat

ccaagetggt

tgggattaca

tatttactga

acaggaacag

agagccagac

ataatttaca

tgatcecegte

atttaagtat

ggtgcacgaa

tctacggacy

gaggatggaa

ctgaccecga

cctgtectat

ctggeeecec

gaccctgatg

cccaccecacce

gagggcagtt

cctggeattt

gtcagggcag

gacagaagtyg

ggtactgece

tgtccececa

ccctggteac

cattecggege

ctcattttygg

tettgettty

gtggagcagg

tgggtttgaa

ttcctcatca

tgaaagagtt

aaatgttagc

agaccgaatt

tcccaggtte

accaccatgce

agactggtet

ggattacagg

ttgcccagge

tcaagcaatt

ggctgggtaa

ctcgaactec

ggcatgagece

tgggegttta

gagtgggcct

catttgggtt

gaactctetyg

tggttgttgt

tggttgatat

gggccagggt

tgggatcctyg

cacageggtyg

ggccagetge

ccttecteag

tcagcectac

ctcatgtgge

cccacctect

accagtgeca

ctgccggaga

acagagtcct

gggggatcaa
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TABLE 1-continued

US 9,427,458 B2

Exemplary wild-type ErbB-2 nucleic acid sequence,
(SEQ ID NO: 1

NG 007503.1

GenBank Accession No.

2442lgaatgcaaag
2448ltatttttgta
24541lgataaagtaa
2460laataactcaa
24661ltgaagttcta
2472laaacattaca
24781ltgtgaggctc
2484 1ccagggtggg
2490ltctgtatagt
24961lctgtgtgata
2502lactctgtcag
25081ltggattcaag
2514laccatgccca
2520latggtctcga
2526lacaggcatga
2532laatgaattgg
2538lggcaggcaga
25441catctctact
25501lgctacttggg
25561lgctgagattt
2562laaaaaaaaaa
2568lgctgaagcag
25741lgatcccatct
25801ltctcagctac
2586lagtgggttga
2592laaaaaaaaaa
25981lgagggggcca
2604lacacacagtg
2610lacatataggg
26lélactgcecttgt
26221lccagacttgg
2628ltgacccttgt
26341cttcataaga
2640latatttgtaa
2646ltttattatgt
26521lcatttagatc
2658lgaacatgggc

2664ltttttttttt

26701lggctcactgc

aaagcagatg

aatgacatgce

aattcccttt

atgtgcatca

cttagcaacc

ttgagcaaaa

tgaaccgaaa

gggcttcaaa

gattggggta

agagtctgtyg

caggctggag

caattctcct

gctaattttt

tctettgacy

gccaccacac

ggccaggceac

tcacttgagyg

aaaaaatata

aggctgaggc

cgctattgea

aaaagggtca

gaagattgct

ctacaaaaaa

tagggagact

aatcatgtca

aaaaaaaaaa

tggttaacag

aagtgtggtt

agcactgtct

tctttcaata

gagccagact

getgtgecte

tggttatacc

agctcttaga

ggctgggtgg

atgttccatt

cagtgtctce

gagacagagt

aacctetgee

ggagaccaga
tatcegtgaa
gagttcatag
ctaggtgaag
aaaggaaatg
gaagccagag
aaaccactct
agggaggceac
gtggatacat
cattttattt
tgcagtggta
gcctcagtet
gtatttttaa
tegtgatceg
ceggtgeatt
ggtggctcac
tcaggagttce
aaaaattagc
aggagaattg
ctecagectyg
ggcgecegtgg
tgagcccagyg
acacaaaaaa
gaggtgggag
ctgtactcca
attceccttte
tgtgtgtgtt
ttegtegttt
gcaccttget
gctgcagage
gectgggttt
agtttcttca
accatgectg
acagtgectg
cteggggttt
ttcactctta
ctaggccaca
ctegetttat

tcecegggtte

ggagcagggce ctttggtggg

caaggacttyg tatggaggtc

cagctttatt caaaatatcc

gaataaacaa gtggcagtgt

aactaccgat acaacataaa

acaagattcc atactgtctg

gtggtgggag agatcagaac

acaaggacat ttctggggta

gagcgaatce atttgtcaaa

atttcatttt attttttgag

cgatettgge tcactgecaac

cctgagtage tgggactaca

tagagatggyg gtttcaccat

cccaccteag ccteccaaag

ttattgtata taagttatac

gcctgtaate ccagcacttt

aagaccagcce tggccaacat

caggcttect ggcatgegec

catgaactcg ggaggtggag

ggcgacagag tgagaccctg

tgcacacctyg taatcccage

aattcaagaa cagcgtggge

ttagceggge atggtggtac

aatcacctga gcctgggagg

gceetgggtga cagaatgaga

acacttcctt tacctccact

cacctagacce gtttatgeat

tggtggggay gttggtttet

ttgagagccyg gtcatgacag

aggtggeggce aaggagagge

gaaacccgge tctaccactt

tctgtaaagt gggggcaaga

gccagatgat tataaagttt

gcagatacta ggtgctecta

tatttaacag ctccectatt

caaacagttc cactttgtgt

ttcctagaaa taagatttet

cgccaggety gtgtgeagta

aagtgattct cctgectcag

tgggggtgat
agaccatcta
ccaaattgga
atccatttgg
tgaatctcag
atccecttta
ggtggttgcee
atagaaatgc
actcatcaaa
atagagtctc
ctectgectec
ggtgtgtgee
gttggcaagg
tgctgggatt
ttcaataaga
gggaggccga
ggtgaaaccc
tatcatccca
gttgtagtga
tctcaaaaag
actttgggag
aacatagtga
gcacctgtag
tggaggttge
ccctgtotea
ccecttteca
ctgtagacac
gtaaatggga
ttcccattga
agctaagagce
actaggcatg
acagtcccaa
gaatgagtta
aatgttggtt
tactaataga
gtggctctgg
tttetttttt
gtgtgatcte

cctetegagt
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TABLE 1-continued

US 9,427,458 B2

Exemplary wild-type ErbB-2 nucleic acid sequence,
(SEQ ID NO: 1

NG 007503.1

GenBank Accession No.

2676laactgggact
26821lggggtttcac
2688lcggcctecca
26941lttctagatca
27001lttgaagccca
2706latggtgggga
27121tgctgactce
2718lagagcagctc
27241lcctgttetge
2730lcctgcaggtt
27361lcagaacctgc
27421lcctgatgggg
27481lctcctgtagce
27541lgagaatagcc
27601lgtggcgccta
27661ltgagggaact
2772lacacggtgcce
2778laccggccaga
2784lagcacacagc
27901lcgtctetgtyg
27961lcttctctage
28021ltcagaactct
2808latgc